Background: Elderly patients are underrepresented in clinical trials but comprise the majority of heart failure patients. Data on age-specific use of heart failure therapy are limited. The European Society of Cardiology heart failure guidelines provide no age-specific treatment recommendations. We investigated practice-based heart failure management in a large registry at heart failure outpatient clinics. Design and methods: We studied 8351 heart failure with reduced ejection fraction patients at 34 Dutch outpatient clinics between 2013 and 2016. The mean age was 72.3 AE 11.8 years and we divided age into three categories: less than 60 years (13.9%); 60-74 years (36.0%); and 75 years and over (50.2%). Results: Elderly heart failure with reduced ejection fraction patients (!75 years) received significantly fewer betablockers (77.8% vs. 84.2%), renin-angiotensin system inhibitors (75.2% vs. 89.7%), mineralocorticoid receptor antagonists (50.6% vs. 59.6%) and ivabradine (2.9% vs. 9.3%), but significantly more diuretics (88.1% vs. 72.6%) compared to patients aged less than 60 years (P for all trends < 0.01). Moreover, the prescribed target dosages were significantly lower in elderly patients. Also, implantable cardioverter defibrillator (18.9% vs. 44.1%) and cardiac resynchronisation therapy device (14.6% vs. 16.7%) implantation rates were significantly lower in elderly patients. A similar trend in drug prescription was observed in patients with heart failure with mid-range ejection fraction as in heart failure with reduced ejection fraction. Conclusion: With increasing age, heart failure with reduced ejection fraction patients less often received guidelinerecommended medication prescriptions and also in a lower dosage. In addition, a lower percentage of implantable cardioverter defibrillator and cardiac resynchronisation therapy device implantation in elderly patients was observed.
Introduction
Chronic heart failure (HF) is a major healthcare problem, associated with a poor prognosis, high morbidity and mortality. 1 Optimising medical and device therapy according to the guidelines improves prognosis. 2 Therefore, adherence to the guidelines, such as the rate of drug prescription and dosage, are often used as benchmarks of quality of care. Approximately 1-2% of the global adult population is diagnosed with HF. 3 Due to an aging population and better survival of underlying heart diseases, these numbers are expected to rise even further. 4 Elderly patients are a major part of the HF population, with approximately 80% older than 65 years, and 40-50% even aged 75 years or older. 2, 5 In elderly patients, HF is the leading cause of hospitalisation and is associated with high morbidity and mortality, resulting in an enormous burden on hospital resources. 6 Due to the high prevalence of comorbidities in elderly patients, optimising HF management remains even more challenging. 7 Until now, randomised clinical trials investigating HF therapy did not include large number of elderly patients, 8 with the exception of the SENIORS trial. 9 In fact, patients enrolled in these trials were on average 10 years younger than in daily clinical practice, 3 and elderly patients were clearly underrepresented. 10 A few registries have shown a lower prescription rate in the elderly but lack size. 8, 11 Despite the ongoing discussion on optimal therapy in elderly HF patients, there is no European Society of Cardiology (ESC) recommended age-specific guidelines for HF treatment, 2 and data in groups of patients with advanced age are scarce.
Therefore, we investigated age-related differences in HF therapy in a large-scale cross-sectional registry in 34 Dutch HF clinics, reflecting actual practice-based HF care at outpatient clinics including large numbers of elderly patients.
Methods
The design and methods of the CHECK-HF (Chronisch Hartfalen ESC -richtlijn Cardiologische praktijk Kwaliteitsproject HartFalen) registry have been published in detail elsewhere. 12, 13 Briefly, the CHECK-HF registry consists of 10,910 patients with chronic HF from a total of 34 participating Dutch centres, participating in the inclusion for this crosssectional observational cohort. Between 2013 and 2016, all centres included patients diagnosed with HF according to 2012 ESC guidelines on HF, 2 based on symptoms and echo parameters, who were seen at the outpatient HF clinic (96%) or general cardiology outpatient clinic (4%) if no specific HF clinic was present.
Baseline patient characteristics, aetiology of HF, comorbidities, basic echocardiographic and electrocardiographic parameters, laboratory markers, pacemaker, implantable cardioverter defibrillator (ICD) and cardiac resynchronisation therapy (CRT) treatment, as well as prescription rates of medication (drug name, dosage and frequency and total daily dose), were recorded. Furthermore, contraindication and intolerance rates were collected.
Ivabradine was only considered indicated on top of optimal treatment with beta-blockers, angiotensin-converting enzyme inhibitors (ACEIs) (or angiotensin II receptor blockers (ARBs)) and mineralocorticoid receptor antagonists (MRAs) (or ARBs), and if patients were in sinus rhythm, left ventricular ejection fraction (LVEF) of 35% or less, heart rate of 70 beats/ minute or greater and were still symptomatic (New York Heart Assocation (NYHA) !II), or already received ivabradine. Target doses of guideline-recommended HF therapy are presented in Supplementary  Table 1 .
Based on echocardiographic results, patients were classified based on LVEF or visual assessment of the function of the left ventricle function as heart failure with reduced ejection fraction (HFrEF, LVEF <50% (n ¼ 8360 (76.6%))), and according to 2016 ESC HF guidelines as heart failure with mid-range ejection fraction (HFmrEF) (LVEF 40-49% (n ¼ 1574 (14.4%))) in those with available measurement of ejection fraction. In addition, HFpEF was classified as LVEF of 50% or greater in 2267 (20.8%) patients. In 274 (2.5%) patients, recording of the left ventricular function in the database was insufficient to classify patients into HF type, in nine patients (0.1%) age was missing in the database, and they were excluded from this analysis. In the current analyses, we focus on age-related treatment differences in guideline recommended HF therapies, including device therapy and lifestyle interventions, in HFrEF and HFmEF patients only.
Statistical analysis
Continuous data are expressed as mean value AE SD or median and interquartile range, depending on the distribution of the data, and compared by the one-way analysis of variance (ANOVA) or Mann-Whitney U-test. Categorical data are expressed as counts and percentages, and compared by the Pearson chi-square test. In order to investigate whether the observed agerelated differences were independent of potential clinical predictors, univariable and multivariable logistic regression were used. Results of these regression analyses are expressed as odds ratios (ORs) with 95% confidence intervals (CIs). A two-sided P value of 0.05 was considered statistically significant.
In model 1, we adjusted for gender only. In model 2, we further adjusted for NYHA and LVEF. In model 3, we further included all comorbidities which were significantly related to the outcome variable at statistical level P value less than 0.05 using stepwise entry method in binary logistic regression. In the specific device therapy-related analysis, QRS duration was an additional variable in univariable analysis we included by entry method in the models. Age was entered per 10 years into the models.
In a total of 8.9% of all predicting values data were missing. These missing data were imputed using multiple imputation. If the missing variables showed a monotone pattern of missing values, the monotone method was used, otherwise, an iterative Markov chain Monte Carlo method was used with a number of 10 iterations. A total of five imputations was performed, and the pooled data were analysed. The imputed data were only used for the multivariable analysis. For all reported data of the multivariable analysis, we compared crude and imputed P values as well as the ORs and CIs in order to analyse whether imputation changed the results, and if no significant changes occurred we only presented the imputed values in the main analyses. All analyses were performed with SPSS statistical package version 24.0 (SPSS Inc., Chicago, IL, USA).
Results
HFrEF patients (n ¼ 8351) were on average 72.3 AE 11.8 years old, with 13.9% less than 60 years of age, 36.0% between 60 and 74 years, and 50.2% 75 years or older; 63.9% were men. Most patients were in NYHA class II and approximately half of the patients had an ischaemic cause of their HF (Table 1) .
Elderly HFrEF patients had significantly more renal insufficiency, more often atrial fibrillation, thyroid disease, chronic obstructive pulmonary disease, diabetes mellitus and hypertension and less often obstructive sleep apnoea syndrome when compared to younger patients (P < 0.01, for all) ( Table 1) .
Pharmacological therapy in HFrEF
Elderly patients less often received beta-blockers, renin-angiotensin system (RAS) inhibitors, MRAs and ivabradine, but significantly more diuretics than younger patients (Table 2 ). These differences gradually increased with age.
Patients received all three of the HF medications (beta-blockers, RAS inhibitors and MRAs), if indicated, in 47.8%, 38.7% and 29.6% of the patients in the three age groups (<60 years, 60-74 years and !75 years, respectively), two out of three were prescribed in 39.9%, 45.4% and 47.6%, one out of three was prescribed in 10.2%, 14.0% and 19.5%, and none of these medications were prescribed in 2.1%, 1.9% and 3.3%, respectively (P < 0.01). Supplementary Figure 1 shows the use of RAS inhibitors divided into ACEIs and ARBs.
The total reported contraindication or intolerance rates were 3.2% (beta-blockers), 4.6%, (RAS inhibitors), 4.7% (MRAs) and 1.7% (ivabradine) ( Table 3 ). The reported contraindication or intolerance rates in elderly patients were significantly higher for beta-blockers, RAS inhibitors and MRAs (P < 0.01). However, in a substantial number of patients the reason for not receiving RAS inhibitors or MRAs was not specified in the patients' charts.
Elderly patients less often received the recommended target dose of beta-blockers, RAS inhibitors and MRAs than the younger patient groups (P < 0.01, for all) ( Figure 1 ). Fifty per cent or greater of the target dose of all three of the HF medication groups (beta-blockers, RAS inhibitors and MRAs) was achieved in 25.4%, 17.7% and 11.0% of the patients (<60 years, 60-74 years and !75 years, respectively); 50% or greater of the target dose of two out of three medications in 38.6%, 40.6% and 35.7%, respectively; 50% or greater of the target dose of none out of three medication in 27.1%, 32.2% and 38.3%, respectively. Younger patients more often received 50% or greater of the target dose of all three guidelinerecommended medications than elderly patients, P < 0.01.
After multivariable adjustment, the probability of receiving a beta-blocker, RAS inhibitor, MRA and ivabradine decreases for each 10-year increase in age by 10% (MRAs), 12% (beta-blockers), 29% (RAS inhibitors) and 21% (ivabradine), whereas the probability of receiving diuretics increases by 32% (Table 4) . Multiple imputation did not change these findings. The age differences in HF therapy, adjusted for the differences in comorbidities, are presented in Table 4 .
The percentage of fluid and sodium restriction recommendations are presented in Supplementary  Figure 2 .
Device implantation in HFrEF
Elderly patients received significantly more pacemakers, but fewer ICD and CRT devices, compared to younger patients (Table 2) . After adjustment for multiple clinical parameters, the chance of receiving an ICD and CRT device decreases by 39% and 17%, respectively, for every 10-year increase in age (Table 4) . After multiple imputation, the described differences did not change.
General therapy in subgroups of HFmrEF
HFmrEF patients were on average 73.7 AE 11.7 years old, and 58.4% were men. The differences in baseline characteristics between HFrEF and HFmrEF patients are shown in Supplementary Table 2. Beta-blockers (82.3% vs. 74.7%, P < 0.01), RAS inhibitors (88.0% vs. 71.9%, P < 0.01) and ivabradine (5.9% vs. 2.1%, P ¼ 0.02) were less often prescribed in patients aged 75 years and older compared to patients less than 60 years, while MRAs (35.4% vs. 46.0%, P ¼ 0.02) and diuretics (55.4% vs. 86.6%, P < 0.01) were more often prescribed ( Table 2 ). The inferences of the HFmrEF group are comparable to the findings in HFrEF.
Discussion
This large practice-based clinical registry of 8351 HF patients including a relatively large group of elderly HFrEF: heart failure with reduced ejection fraction; BMI: body mass index; NYHA: New York Heart Association classification; LVEF: left ventricular ejection fraction; HF: heart failure; BP: blood pressure; LBBB: left bundle branch block; eGFR: estimated glomerular filtration rate; COPD: chronic obstructive pulmonary disease; OSAS: obstructive sleep apnoea syndrome. y Defined as eGFR <60 mL/min or a history of renal failure. z In nine patients data on age were missing.
patients demonstrates that aged HFrEF patients less often receive guideline-recommended therapy. Furthermore, the prescribed dosages as a percentage of the target dose, especially to elderly patients, are lower than recommended.
Pharmacological therapy
Previous recent large registries demonstrated an agerelated decline of ESC HF guidelines recommended HF therapy, especially in patients older than 75 years.
11,14-17 However, these registries are older and were not using the ESC HF guidelines of 2012. Our results also demonstrate an age-related decline, but in contrast to these earlier registries, the decline in our study started already in patients older than 60 years of age and seems to be continuous, indicating that the decline is not restricted to the very old.
It has been suggested that the higher rate of comorbidities or the different aetiology of HF might be an explanation for the age-associated decline in drug prescription. 16 Although we demonstrated significant differences in comorbidities between age groups, these differences were not large enough to explain the observed differences in prescription rates as shown in our multivariable analysis. In chronic HF patients, chronic obstructive pulmonary disease frequently coexists and symptoms overlap, and while getting more prevalent with increasing age, adequate treatment of underlying diseases gets even more challenging. 18 Frailty in elderly patients is highly prevalent and is associated with a worse prognosis 19 and might explain in some part the lower prescription rate in elderly patients; however, this could not be tested in our registry as no information on frailty was available.
Although elderly patients constitute a large part of the general HF population, patients aged 75 years of age and older are underrepresented in large randomised clinical trials. 2, 5, 11 Thereby the positive effect of the HF medication in the elderly HF population is not yet properly investigated. This might be another explanation for the decline in prescription rates in elderly patients. However, the decline appears to be not limited to the very old, but to be a continuum, starting at a younger age than was previously assumed, indicating that the decline cannot be fully explained by lack of evidence in the elderly alone.
In contrast to the HF medication, diuretics, fluid and sodium restrictions are more often used in elderly patients. However, after adjustment in the multivariable analysis for comorbidities, the influence of age is largely reduced, in contrast to the other recommendations. This might indicate that the use of diuretics, fluid and sodium restrictions can partially be explained by worse renal function in elderly patients. Despite the fact that elderly patients less often received guideline-recommended pharmacological therapy, we still observed an overall high prescription rate in all age groups, compared to the CHAMP-HF registry. 20 Importantly, when HF medication is prescribed, the actual dosages are significantly lower in elderly than in younger patients, which could potentially lead to a worse outcome. As has been shown, good adherence to the guidelines, with prescription of at least 50% of the recommended dosage, is associated with better clinical outcomes. 21 Despite relative good guideline adherence, there still seems to be room for further improvement, especially in the prescribed dosages, and in the elderly population. As previously demonstrated, the uptitration of HF medication is possible, even in elderly patients. 22 However, evidence on the effect of HF therapy in patients aged 75 years and older is very limited, 22, 23 and appropriate prospective trials are urgently needed to address the important question as to whether treatment should differ depending on age.
Device therapy
Elderly patients less often received a ICD or CRT device, and more frequently received a pacemaker. These results are in line with recent publications, showing a decline of the CRT device and ICD implantation rate in older patients 11, 14, 16 and an increase of the pacemaker implantation rate.
11
The age differences in implantation rates might be explained by more perceived or actual comorbidities or contraindications, including non-HF-related comorbidities such as cognitive and mobility impairments. 16 It has been shown that elderly HF patients have a higher non-cardiac mortality rate compared with younger HF patients. 24 This might negatively influence the benefits and cost-effectiveness of implanted devices in the elderly. However, after multivariable analysis, the agerelated differences remained. Also, device implantation, such as ICDs, has been shown to be effective and even warranted in elderly patients if life expectancy is longer than one year. 24 Still, a recent study in patients with nonischaemic cardiomyopathy found a strong relationship between reduced mortality by ICD and age, with only younger patients having any benefit in post-hoc analysis. 25 Furthermore, assumption of a higher risk of complications due to the implantation procedure in elderly patients might explain the lower implantation rates. However, as recently reported there are no differences in the number of complications in elderly patients compared with younger patients. 26 Finally, the perception that quality of life is seen as more important for elderly patients than a prolonged survival period might result in the lower implantation rates of a ICD. However, the preference of patients to prefer longevity over optimal quality of life was found to be surprisingly high and not individually predictable even at a high age. 27 The use of a CRT device not only reduces morbidity and mortality, but also symptoms and improves quality of life, also in elderly patients. 28 In addition, it can lead to a rise in blood pressure and protect against bradycardia. 29 These gains may lead to a better adherence to recommended HF medication, such as beta-blockers. 29 Thus, there is no evidence that a CRT device may be less important in HFrEF patients at an older age. As elderly patients are more often in need of a pacemaker, as shown in our results, and a CRT device holds positive treatment effects for elderly patients, it might be beneficial to treat these patients with biventricular CRT pacing instead of right ventricular pacing using a pacemaker.
Limitations and strengths
Our study has some limitations. CHECK-HF has a cross-sectional design with no follow-up data on Figure 1 . Percentages of target dose prescribed in heart failure with reduced ejection fraction.
number of elderly patients with detailed information on medication prescription and dosage.
Conclusion
In this large Dutch registry of a real-world outpatient HF population, HFrEF patients in a higher age group less often received guideline-recommended HF drugs, at lower dosages and less often ICD and CRT device therapy. The differences cannot be fully explained by clinical variables, comorbidities or higher reported contraindications or intolerance. Our study indicates the need to focus especially on elderly HF patients, in order to optimise their medical therapy, and further uptitrate their dosages or reflect on policy and accept lower age-adjusted target doses in elderly patients as they do not tolerate higher dosages.
